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Comparative biochemical evolution during ripening of bovine,
ovine and caprine cheeses manufactured with extracts
of flowers of Cynara cardunculus
AbstractmChanges in the main physicochemical and bio-
chemical characteristics of bovine, ovine and caprine milk
cheeses manufactured with aqueous extracts of flowers of
Cynara cardunculus were studied throughout ripening
(0± 68 days). At the end of ripening the pH in the centre
was (mean+ ISD) 5.05+0.07, 5.15+0.21 and 4.91+0.07
for bovine, ovine and caprine milk cheeses, respectively;
whereas the pH at the top of the cheese was 5.21+0.09,
5.44+0.12 and 5.12+0.07, respectively; the moisture
content values of bovine, ovine and caprine milk cheeses
were 37.68+2.32, 40.23+4.34 and 45.73+1.44%, respec-
tively; the NaCl content values were 4.00+0.43,
4.00+0.56 and 4.08+0.58 (%TS); the fat content values
were 41.01+5.32, 63.60+7.80 and 45.14+9.14 (%TS);
the protein content values were 28.96+1.84, 22.89+2.37
and 30.02+1.22 (%TS); the water-soluble nitrogen values
were 32.91+1.76, 46.44+1.86 and 48.72+1.08 (%TN);
the values of nitrogen soluble in trichloroacetic acid were
10.25+1.93, 10.41+2.91 and 7.25+0.84 (%TN); the
values of nitrogen soluble in phosphotungstic acid were
1.50+0.18, 1.87+0.65 and 1.38+0.32 (%TN); finally, the
free amino acid content values were 21.33+5.34,
17.51+5.08 and 23.93+4.80 mM equivalents of leucine.
Urea-polyacrylamide gel electrophoresis of water-insoluble
fractions from cheeses indicated high degrees of proteolysis
of a s1-casein in bovine cheeses and more extensive proteo-
lysis of the a s-casein region in caprine than in ovine
cheeses, but a moderate degree of proteolysis of b-casein
in all types of cheese; electrophoregrams of the water-
soluble fraction displayed increasing numbers of bands
throughout ripening, an observation that is consistent with
the increase in the ratio of water-soluble nitrogen to total
nitrogen.
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Introduction
Proteolysis is regarded as the most important biochemical
event during ripening of cheese [1, 2]. Products of prote-
olysis range from large polypeptides, through a range of
medium and small peptides down to free amino acids. The
type of coagulant, microbial acidification and plasmin
action are all factors which play major roles in proteolysis
during cheese manufacture and ripening [2 ± 7]. Progression
of ripening can be followed by several methods including:
fractionation with water, trichloroacetic acid (TCA), or
phosphotungstic acid (PTA); chromatography based on
size exclusion and ion exchange; and PAGE with urea
added as a denaturant.
Water, TCA and PTA have been widely used for cheese
fractionation [8, 9]. The water-insoluble fraction contains
caseins and high-molecular-weight products of casein
breakdown, and the extract may be further analysed by
urea-PAGE [3, 10]. The soluble fraction is very heteroge-
neous and can be separated into several different fractions
by gel filtration [3, 11]. Water-soluble nitrogen (N) compo-
nents result chiefly from the action of the coagulant [3, 12].
The 12% TCA-soluble N fraction contains small peptides
(2± 20 residues) [13] and amino acids, while the large and
medium peptides are found in the precipitate [8, 9]; there-
fore, this fraction has been used as an indicator of cheese
maturation [14]. The action of starter enzymes leads pri-
marily to the formation of small peptides and amino acids
[15] and is the source of most of the 12% TCA-soluble N.
Fractionation with 5% PTA only extracts low-molecular-
weight peptides (5600 Da).
Electrophoresis in alkaline urea-PAGE is widely used to
study proteolysis in cheese during ripening [2, 16]. Unfor-
tunately, only the larger peptides can be visualized in gel
electrophoresis, which essentially limits this technique to
estimating the disappearance of caseins and their larger
primary products. Despite this limitation, urea-PAGE is a
powerful tool for following the hydrolysis of caseins during
the early stages of cheese maturation and for comparing
hydrolysis patterns in different cheeses [17]. This feature
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may be useful when milks of different species are used for
cheese manufacture [18].
Aqueous extracts of flowers of Cynara cardunculus have
been used as a milk coagulant since ancient times in the
traditional manufacture of various Portuguese farm cheeses
from raw ovine milk; however, understanding of the path-
ways of ripening brought about by this plant coagulant lags
far behind that of most pasteurized bovine milk cheeses.
Fundamental work encompassing the action of this plant
rennet on ovine and caprine milks is scarce, and extrapola-
tion from the conclusions obtained with pure bovine caseins
must be done carefully. In fact, ovine and caprine milk
caseins exhibit two groups of protein bands in electropho-
regrams. The group with lower mobility contains b-casein
and is divided into its two varieties, b1 and b2, which differ
in their level of phosphorylation (6 versus 5) [19, 20]. The
group with higher mobility consists of three bands in ovine
milks with mobilities similar to those of bovine a s3- and
a s4-caseins [21], which have been tentatively termed ovine
a s1-, a s2- and a s3-caseins. The caprine casein group with
higher mobility (a s-caseins) comprises between three and
five bands and contains a s1-casein [22]; this variability,
caused by genetic polymorphism [23], is enhanced by
animal and seasonal differences [24 ±26].
The primary objective of this work was to characterize
the major physicochemical and biochemical parameters of
bovine, ovine and caprine cheeses manufactured with this
plant coagulant throughout the ripening period and so shed
some light onto its mode of action. Increasing the funda-
mental knowledge of this process will certainly enhance the
predictability of the behaviour exhibited by such plant
rennet in new types of cheesemaking processes and permit
the optimization of this behaviour in existing types of
cheesemaking processes.
Materials and methods
Enzyme. Dried flowers of the wild thistle (C. cardunculus) were
obtained from local shops in Serra da Estrela region (Portugal). The
crude extract was prepared by grinding the stylets of the flowers for
45 s, homogenizing them in distilled water for 15 min, and then
filtering through a fine piece of cloth.
Cheesemaking. Raw bovine, ovine and caprine milk cheeses were
manufactured using the C. cardunculus extracts as coagulant following
an adaptation of the traditional technology [27]. The raw milk was
heated to 28 °C, salted (3 g/l) and left to coagulate for 50 min by
addition of 0.16 g of crude stylets/l. The curd was cut, stirred for
30 min, allowed to set to promote whey drainage, placed into
cylindrical moulds and lightly pressed by hand. The cheeses were
salted with dry salt on the surfaces and 24 h later were placed at 6 °C
and 92%relative humidity. After 14±20 days the cheeses were washed
with warm water and salt. The cheeses (500+100 g in mass,
100.0+10.0 mm in diameter and 50+10.0 mm in height) were turned
upside down daily for 68 days. In total, 24 cheeses of each type (i. e.
using bovine, ovine or caprine milks) were manufactured according to
this procedure.
Chemical analyses. Cheeses were sampled for analysis after 0, 3, 7, 14,
28, 42, 56 and 68 days of ripening. The total solids content (TS) was
determined by oven-drying at 100 °C as described by Kosikowski [28].
Salt was assayed by the modified Volhard method using silver nitrate
and potassium thiocyanate (Merck, Darmstadt, Germany), as described
by Kosikowski [28]. The pH was measured by probing the cheese
directly with a glass electrode connected to a potentiometer Microph
2001 (Crison, Barcelona, Spain). The total nitrogen (TN) content of
cheese was determined by the micro-Kjeldahl procedure (IDF, 1993)
adapted to micro conditions by using one-tenth of all samples and
reagents in a Kjeltec system 1002 (Tecator, HoÈganaÈs, Sweden). The fat
content was determined by the Van Gulik method using 40%sulphuric
acid; after addition of each acid portion, the butyrometer was shaken
well until all the protein was digested; a few drops of amylic acid were
added to the butyrometers, which were then filled with sulphuric acid
and centrifuged (Norma milk-G24, Milan, Italy), and the fat percentage
was read. All determinations were made in duplicate.
Nitrogen fractions. Water-soluble nitrogen (WSN) was determined by
the procedure of Kuchroo and Fox [8]. Grated cheese (x g) was
homogenized with 2x ml H2O for 5 min using a Stomacher 400
(Colworth, London, UK) and the resultant homogenate was held at
40 °C for 1 h. The insoluble material was then separated by centrifuga-
tion at 10,000 g for 30 min in a refrigerated centrifuge (Sorval RC5C,
Wilmington, USA) at 4 °C, and the supernatant was filtered through
glass wool. Samples of water-insoluble nitrogen (WISN) and WSN
were freeze-dried prior to further analysis. TCA-soluble extract was
prepared by adding y ml of 48% TCA to 4y ml of WSN. The mixture
was allowed to stand for30 min at 20 °C and filtered through Whatman
no. 42 filterpaper. The N content was determined using a sample of the
filtrate. PTA-soluble extract was prepared by adding 14.0 ml of H2SO4
(3.95 M) and 6 ml of PTA (33.3%, w/v) to 20 ml of WSN. The mixture
was allowed to stand overnight at 4 °C and subsequently filtered
through Whatman no. 542 filter paper. The nitrogen contents in
samples of the water-soluble, the TCA-soluble and the PTA-soluble
extracts were determined by the micro-Kjeldahl procedure. The ripen-
ing extension index (represented by the ratio WSN/TN), the ripening
depth index (represented by the ratio TCA-soluble N/TN [29]) and the
free amino acid index (represented by the ratio PTA-soluble N/TN
[30]) were all calculated. The extent of release of free amino acids was
determined in duplicate using the water-soluble extract by the cad-
mium-ninhydrin (Cd-ninhydrin) method of Folkertsma and Fox [31].
The water-soluble extract (10±60 ml, depending on the concentration
of free amino acids expected) was diluted to 1 ml with H2O and 2 ml of
the Cd-Ninhydrin reagent was then added. The mixture was heated at
84 °C for 5 min, cooled to room temperature and its absorbance was
measured at 507 nm against a reagent blank containing no WSN. All
determinations were made in duplicate.
Casein proteolysis. PAGE (12.5%C, 4%T, pH 8.9) was performed on
cheeses, as well as on water-soluble and water-insoluble extracts, using
a Protean II XI vertical slab-gel unit (Bio-Rad Laboratories, Watford,
UK) and the stacking gel system of Andrews [32] with modifications
[33]; the gels were stained with Coomassie Blue G-250 using the
method of Blakesley and Boezi [34]. Quantification of intact b and a s-
caseins was by densitometry using a Model CD60 densitometer
(Desaga, Sarstedt-Gruppe, Germany).
Results and discussion
The mean overall values of pH at the top and at the centre
of the cheese, moisture, NaCl, fat, protein, WSN/TN, TCA-
soluble/TN, PTA-soluble/TN and free amino acid content
throughout ripening (at 0, 3, 7, 14, 28, 42, 56 and 68 days)
are depicted in Fig. 1. The pH at the top and at the centre of
the cheeses (Fig. 1a, b) decreased only slightly relative to
that of the raw milk (result not shown), probably as a
consequence of the absence of lactic acid starters. The pH
decreased during whey drainage and increased slightly after
28 days of ripening at the top of the cheeses, particularly in
cheeses manufactured with ovine milk. This behaviour
Fig. 1mAverage values (from a
set of two replicates) of pH at the
top (a) and in the centre (b) of the
cheese, moisture content (c),
NaCl content (d), fat content (e),
protein content (f), WSN/TN (g),
TCA-soluble N/TN (h), PTA-
soluble N/TN (i) and free amino
acid content (j) for bovine (*),
ovine (&) and caprine (D)
cheeses manufactured with ex-
tracts of Cynara cardunculus
throughout the ripening period.
Standard errors of the means
(SEM) for bovine, ovine and
caprine cheeses are as follows:
pH at the top: 0.09, 0.12 and 0.07;
pH in the centre: 0.07, 0.21 and
0.07; moisture content: 2.32, 4.34
and 1.44%; NaCl content: 0.43,
0.56 and 0.58 (%TS); fat content:
5.32, 7.80 and 9.14 (%TS); pro-
tein content: 1.84, 2.37 and 1.22
(%TS); WSN: 1.76, 1.86 and 1.08
(%TN); TCA-soluble N: 1.93,
2.91 and 0.84 (%TN); PTA-solu-
ble N: 0.18, 0.65 and 0.32
(%TN); and free amino acid
content: 5.34, 5.08 and .80 (mM
equivalent of leucine). (WSN
Water-soluble nitrogen, TN total
nitrogen, PTA phosphotungstic
acid, TCA trichloroacetic acid)
arises probably as a result of the metabolism of lactic-acid-
utilizing yeasts and/or ammonia production by yeasts fol-
lowing proteolysis [35, 36]. Similar trends in pH have been
reported for Serra da Estrela cheese [27], La Serena cheese
[37] and Casar de CaÂceres cheese [38] during ripening. The
moisture contents (%) of the cheeses manufactured with
bovine, ovine or caprine milks (Fig. 1c) were similar at
0 days of ripening and decreased almost linearly with time
over the ripening period. The NaCl content (%TS) (Fig. 1 d)
of the cheeses increased during the first 3 days of ripening,
which is likely to be because of NaCl diffusing into the
cheese, and remained relatively constant throughout the
remainder of the ripening period. The salt concentration is
of great importance in cheese ripening due to its influence
on the proteolytic activity [37], the specificity of the rennet
[39] and growth and metabolism of lactic acid bacteria [40]
via control of available water. Ovine milk has higher
protein (6.06%) and fat (8.40%) contents than caprine
milk (4.70% and 3.80%, respectively) and bovine milk
(3.50% and 3.55%, respectively). The fat content (%TS)
(Fig. 1 e) of the cheeses manufactured with bovine or
caprine milks were similar throughout the ripening period
but lower than the fat content of the cheeses manufactured
with ovine milk, while the total protein content (%TS)
(Fig. 1 f) was lower for ovine milk cheeses than for cheeses
manufactured with bovine or caprine milks.
The WSN/TN ratio in cheeses manufactured with bo-
vine, ovine or caprine milk (Fig. 1 g) increased throughout
the ripening period; this ratio has been used by a number of
researchers to follow the ageing of cheese. The WSN/TN
ratio was highest for ovine milk cheese at 0 days of
ripening; however, after 68 days of ripening this ratio was
similar for ovine and caprine milk cheeses, thus indicating
more extensive ageing compared to bovine milk cheeses.
The relatively high initial value of WSN/TN might be
attributed to the type of coagulant used, which is known
to display considerable proteolytic activity concomitant
with its clotting activity. Soluble N components are pro-
duced mainly by the action of rennet [3, 12, 41], but starter
and, to a lesser extent, milk proteinase can also contribute
to the production of soluble N compounds in cheese [41].
The TCA-soluble N/TN ratio has been used to evaluate the
action of lactic acid bacteria in the formation of soluble N
compounds in cheese [29]; this fraction contains small
peptides of between 2 and 20 amino acid residues. The
value of the TCA-soluble N/TN ratio of the cheeses
(Fig. 1 h) increased throughout ripening, thus indicating a
moderate degree of proteolysis. Rennet is generally recog-
nized to possess the ability to produce large pH-4.6-soluble
peptides from casein but a limited capacity to break casein
down further than polypeptides [3, 42]; the action of starter
bacteria or other enzymes is less important at this level of
proteolysis but is primarily responsible for the production
Fig. 2am(For continuation and
legend see p. 102)
a
of small peptides and free amino acids that are soluble in
12% TCA. Cheeses manufactured with caprine or ovine
milks exhibited higher levels of WSN/TN (which is a
measure of ripening extension) than bovine cheeses,
although the former showed lower levels of TCA/TN
(which is a measure of ripening depth). The free amino
acid index, represented by PTA-soluble N/TN (Fig. 1i),
increased with ripening time in cheeses manufactured with
bovine, ovine and caprine milks, but could not be consid-
ered high at any ripening time, thus suggesting that high-
molecular-weight peptides were not extensively (but gra-
dually) broken down to low-molecular-weight peptides and
free amino acids by proteinases of the flowers of C.
cardunculus, which is in agreement with previous reports
[43, 44]. Aston et al. [30] demonstrated that the amount of
PTA-soluble peptides and amino acids in extracts of Ched-
dar cheese correlated significantly with flavour develop-
ment in that cheese. The free amino acid content of the
cheeses (Fig. 1 j) increased during the ripening period, an
observation that is probably due to bacterial proteinases or
peptidases of the indigenous milk flora [42] which degrade
the casein polypeptides produced by the plant rennet.
Urea-PAGE electrophoregrams of bovine water-insolu-
ble fraction (WISF) (Fig. 2a) showed rapid degradation of
a s1-casein (85.9%) with concomitant appearance and accu-
mulation of a s1-I-casein, i. e. the f 24-199 fragment of a s1-
casein was released in a way similar to that reported for
chymosin [10]. The bond in a s1-casein most susceptible to
chymosin attack is Phe23-Phe24 and its hydrolysis yields
a s1-I casein and a s1-(f 1-23) [45, 46]. Sousa [47] has
claimed that the fragment f 24-199 was the major peptide
produced from pure bovine a s1-casein in solution by
proteinases of C. cardunculus and this result was confirmed
independently by Macedo [48]. Two other bands with
higher mobility than a s1-I-casein (designated as A in Fig.
2a) were also found in cheese from the very beginning of
ripening. In solution, Sousa [47] has identified bands
showing similar electrophoretic mobilities; these bands
could be accounted for by peptides of the form (f 24-*),
which are possible fragments from hydrolysis of a s1-I-(f 24-
199) by proteinases of C. cardunculus. Several peptides
arising from hydrolysis of a s1-I-casein by proteinases of C.
cardunculus were identified by Macedo [48] as f 24-164,
f 24-165 and f 24-166. b-casein has undergone less degra-
dation (33.3%) (Fig. 2a) than a s1-casein; during ripening of
Cheddar cheese, b-casein undergoes limited hydrolysis and
is apparently not hydrolysed by enzymes of animal and
microbial rennets [49], although Marcos [18] and Carretero
[22] have claimed the existence of breakdown products
from b-casein by rennet in cheese. In bovine milk cheeses
the product of such degradation process is probably b-I
casein [35, 42, 45], which is optimally released from b-
casein by rennet at pH 6.4. The bonds in bovine b-casein
most susceptible to chymosin and to proteinases from
extracts of C. cardunculus are Leu192-Tyr193 and
Ala189-Phe190 [47, 48] and either of them yields b-I-
Fig. 2bm(For continuation and
legend see p. 102)
b
casein [47] upon enzymatic attack. Several bands with low
electrophoretic mobility (Fig. 2a) are accounted for by g-
caseins, i.e. b-casein fragments arising from degradation of
b-casein by plasmin [50] or from similar attack by the
enzymes present in the plant coagulant utilized [37, 51].
Plasmin cleaves peptide bonds of b-casein, thus producing
three large C-terminal fragments of low electrophoretic
mobility, i.e. g1-, g2- and g3-caseins [46], which have been
previously identified in Cheddar cheese [45]; in our assays
these bands increased gradually in darkness throughout
maturation. Urea-PAGE electrophoregrams of WISF of
ovine and caprine milk cheeses (Fig. 2b, c) showed a
group with lower mobility, which is likely accounted for
by b-casein (i.e., the set of b1- and b2-caseins considered
together) and was degraded by proteinases of C. carduncu-
lus to approximately the same extent (33.1%) as bovine b-
casein, but which in caprine milk cheeses was degraded to a
higher extent (43.5%) than bovine b-casein. Ovine casein
hydrolysed by calf chymosin at pH 6.5, 5.5 and 5.2 in the
presence of 5% NaCl showed a pair of bands of higher
electrophoretic mobility than b-casein and comparable to
bovine b-I-casein; cleavage sites in ovine b-casein by
chymosin were Leu190-Tyr191 and Ala187-Phe188 [53].
Trujillo et al. [54] found that b-I-casein was produced at all
pH values and increased as pH was increased; at low pH
values (pH#4.6) the polypeptide b-II-casein was the main
breakdown product observed and b-III-casein was not
virtually detected at any pH values in the presence of 5%
NaCl. Bovine, ovine and caprine b-caseins have relatively
similar amino acid sequences (about 90% homology), and
the most significant difference in caprine b-casein arises
from deletion of the Pro179-Tyr180 vector [53], thus
suggesting that caprine b-casein could be attacked by calf
rennet in the same regions described to be susceptible to
cleavage by chymosin in bovine b-casein. The three bands
with highest mobility in lanes 1 of Fig. 2b, c, i.e. those
designated as a s-casein region, showed degradation levels
of 47.0% and 86.5% in ovine and caprine milk cheeses,
respectively. Bands with greater electrophoretic mobility
than a s-caseins appeared and became more intense as
ripening elapsed; two or three such bands were apparent
by 28 or by 7 days of ripening in ovine and caprine milk
cheeses, respectively. Ovine a s-casein was hydrolysed by
calf chymosin to a set of bands of higher electrophoretic
mobility which may correspond to bovine a s1-I-casein. The
most susceptible bond in ovine a s-casein was Phe23-Val24
[53]; therefore, the electrophoretic band designated as a s1-
I-casein in Fig. 2b is probably the peptide Val24-Trp199.
Two bands (see Fig. 2a) with greater electrophoretic mobi-
lity than the a s-caseins, and tentatively termed A, were
produced from the very beginning of ripening and became
more intense as ripening time elapsed; these bands are not
present if cheese is manufactured with calf rennet [55].
Similar electrophoretic bands were reported in cheese
manufactured with extracts from flowers of Cynara spp.
[37, 51] and in solutions of bovine a s1-casein when incu-
Fig. 2cmUrea-PAGE electro-
phoregrams (12.5% T, 4% C;
pH 8.9) of the water-insoluble
fraction (WISF) (lanes 2±7) and
the water-soluble fraction (WSF)
(lanes 9±14) for bovine (a),
ovine (b) and caprine (c) cheeses
manufactured with extracts of C.
cardunculus after 0, 7, 14, 28, 42
and 68 days of ripening, respec-
tively. Bovine Na-caseinate (a,
lanes 1 and 8; b and c, lane 8),
ovine Na-caseinate (b, lane 1),
and caprine Na-caseinate (c,
lane 1) are also included
c
bated with extracts of C. cardunculus [47]. Urea-PAGE
electrophoregrams of bovine, ovine and caprine water-
soluble fraction (WSF) (Fig. 2a± c) showed increasing
numbers of small bands throughout ripening, an observa-
tion that is consistent with the variation of the WSN/TN
index (Fig. 1g).
In view of the overall physicochemical and biochemical
data generated, one can conclude that primary proteolysis
(measured by the amount of soluble nitrogen compounds) is
higher in ovine and caprine milk cheeses than in bovine
milk cheeses manufactured with aqueous extracts of flow-
ers of C. cardunculus and that all types of cheese showed
similar levels of TCA-soluble N/TN and PTA-soluble N/
TN. Urea-PAGE analyses of the WISF of cheeses manu-
factured with aqueous extracts of flowers of C. cardunculus
have shown more extensive proteolysis of a s1-casein in
bovine milk cheese and the a s-casein region in caprine milk
cheese than of the a s-casein region in ovine milk cheese,
and less extensive proteolysis of b-casein than a s-casein in
all types of cheese. The water-soluble extract showed
increasing numbers of electrophoretic bands throughout
ripening, an observation that is consistent with the increase
of the WSN/TN ratio.
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